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Morphological variability encountered within Bolboschoenus maritimus (L.) Palla in the area of the Flora of 
southern Africa (FSA) led to the study of the achenes, particularly details of the pericarp, and embryos of this 
species and of B. nobilis. For confirmation of findings, some extraterritorial specimens were also investigated. 
Differences in exocarp structure and in embryo size and shape were revealed. These may prove useful in the 
hierarchical classification of Bolboschoenus once world representatives have been studied. It is considered 
premature to modify the existing classification applied to FSA plants, except to confirm the presence of two 
entities within B. maritimus sensu Browning & Gordon-Gray 1992. 
As gevolg van morfologiese variasie wat waargeneem is ten opsigte van Bolboschoenus maritimus (L.) Palla 
in die gebied van die Flora van Suidelike Afrika (FSA) is 'n studie van die vrugte, spesifiek ten opsigte van die 
perikarp, en die embrios van hierdie spesie en die van B. nobilis ge·inisieer. Ter stawing van die bevindings is 
versamelings buite die studiegebied oak ondersoek. Verskille in eksokarpstruktuur en in embriogrootte en 
-vorm is gevind. Hierdie gegewens mag van waarde wees in die hierarg iese klassifikasie van Bolboschoenus 
wanneer 'n wereldwye ondersoek van verteenwoordigende monsters gedoen is. Dit is waarskynlik te vroeg 
om die huidige klassifikasie, soos gebruik vir FSA-plante, te modifiseer. Die bestaan van twee entiteite binne 
B. maritimus sensu Browning & Gordon-Gray (1992) word egter bevestig. 
Keywords: Bolboschoenus, achene, embryo, taxonomy. 
* To whom correspondence should be addressed. 
Introduction 
Wilson (1981: 157) and Goetghebeur and Simpson (1991: 
172) have indicated the need for revision on a worldwide 
basis of Bolboschoenus (Ascherson) Palla, as species 
delimitation is confused. 
Goetghebeur and Simpson (1991: 173) provided a key 
that might assist in distinguishing between the African 
species, B. nobilis (Ridley) Goetghebeur & D.A. Simpson 
(known distribution: southern Angola and Namibia), and B. 
maritimus (L.) Palla (more widespread over the continent). 
Distinction between these species was supported by Brown-
ing and Gordon-Gray (1992) who reviewed these species for 
the area of the Flora of southern Africa, finding B. nobilis 
morphologically uniform, but inadequately known, in its 
limited zone of coastal-hinterland Namibia, and B. mari-
timus variable and widespread (Browning & Gordon-Gray 
1992, Figure 2) in the FSA region (also widely distributed 
through sub-Saharan Africa). A third species, B. grandi-
spicus (Steudel) Lewejohann & Lobin has been recorded for 
Senegal (Hooper & Napper 1972; Vanden Berghen 1988) 
and the Cabo Verde Island (Lobin 1982). It is characterized 
by biconvex achenes and two style branches and differs 
from B. nobilis with trigonous achenes and three style 
branches, and from B. maritimus with subtrigonous, convex-
sided achenes and three (occasionally 2 present within 
florets of the same spikelet) style branches. 
Oteng-Yeboah (1974) drew attention to the importance of 
the shape and anatomy of the fruit in infrageneric classi-
fication of Bolboschoenus. He erected Section Lenti-
schoenus with 2 (- 3) style branches, lenticulate or concave-
sided achenes with the cells of the exocarp radially 
elongated [type species: B. paludosus (Nelson) (Oteng-
Yeboah, from North America]. This new section was in 
contrast to the typical one in which styles were 3-branched, 
achenes compressed trigonous to plano-convex with the 
cells of the exocarp isodiametric [type species: B. maritimus 
(L.) Palla] . 
The type of Scirpus maritimus L. (LINN) consists of two 
sheets, both that species, but not identical (Clarke 1894: 
313). Koyama (1962: 933) selected as the lectotype, speci-
men 71.43 ' ... with thick ovate spikelets that are 7 to 11 mm 
across and aggregated into a head ... the type of var. macro-
stachys Koch by most authors.' Specimen 71.44 ' ... with 
lanceolate to linear-lanceolate spikelets ... extremely long 
and narrow, less than 6 mm across, and also aggregated into 
a head ... resembles the type of S. tuberosus Desf., but may 
be abnormal.' If it is accepted that Oteng-Yeboah's (1974) 
typical section is in agreement with the lectotype, then in 
Bolboschoenus maritimus sensu stricto exocarp cells are 
isodiametric, not radially elongated. B. paludosus has not 
been given specific status by workers both before and after 
Oteng-Yeboah (1974). Koyama (1%2) recognized the entity 
as Scirpus maritimus var. paludosus (A. Nelson) Kuekenthal 
following Kuekenthal (1926). Later, Koyama (1989) gave it 
subspecific ranking under Bolboschoenus maritimus, but this 
infraspecific status had been applied earlier by Love & Love 
(1981). B. maritimus subsp. maritimus contrasts with subsp. 
paludosus in the stucture of the exocarp cells. 
Van der Veken (1965) investigated embryography within 
Cyperaceae. At time of maturity of the achenes and their 
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dispersal, he found distinct structural embryo types to be 
represented. He concluded that a natural genus comprised 
only one embryo type, but that a particular type might be 
shared by several genera, showing, or not, characteristic 
features in each. He also found that variation in embryo 
length within a species did not exceed 10% (Van der Veken 
1965: 290). Bolboschoenus he considered as a section, 
Bolboschoenus Ascherson, within Scirpus (Van der Veken 
1965: 316). This embryo type is highly specialized. Goet-
ghebeur (1986: 88, 357) confirmed the specialization, and 
related this to the presence of an indentation above and 
below the root cap that defines this organ from the cotyle-
don. A second feature of specialization is the differentiation 
of a third leaf blade. 
The present paper reports upon the achenes, particularly 
pericarp anatomy, and gives a preliminary, exploratory 
account of embryo size and structure in plants of Bolbo-
schoenus within the FSA area. For comparison, achenes and 
embryos of extraterritorial specimens were examined. The 
investigation was initiated because of the variability 
encountered within B. maritimus (Browning & Gordon-Gray 
1992). For purposes of this paper two entities are recognized 
within B. maritimus, namely B. maritimus, Entity 1, and 
B. maritimus, Entity 2. These are based on variants 1 and 2 
recognized in a previous account of the species (see Brown-
ing & Gordon-Gray 1992) and will be referred to hereinafter 
as Entity 1 and Entity 2. 
Achene 
Materials and methods 
Fully matured, plant-ripened fruits were selected from 
herbarium sheets. These were brown to black in colour. 
Achenes were fixed to a metal plate by means of 'Tissue-
tek'. The plate was then submerged in liquid nitrogen. Each 
achene was fractured using a razorblade and a small 
hammer to tap the blade. Fractured portions were mounted, 
with cut surfaces exposed, on brass stubs by means of 
double-sided adhesive tape; coated with gold palladium in a 
Polaron E5100 Sputter Coater; examined in an Hitachi S570 
Scanning Electron Microscope; and photographed. 
Results 
Figures 1, 2 and 3, respectively, show the achene shape, 
surface topography and pericarp anatomy of Entity 1, Entity 
2 and B. nobilis. Differences are summarized in Table 1. A 
list of specimens examined under each entity is given at the 
end of the paper. 
Discussion 
There are clearly defined differences that distinguish the 
achenes of Entity 1, Entity 2 and B. nobilis. The most 
striking of these is the structure of the exocarp. In all three 
entities the mesocarp and endocarp are alike, consisting 
respectively of transversely oriented thick-walled fibres 
(mesocarp) and longitudinally oriented fibres (endocarp). 
These middle and inner zones of the pericarp, because of 
their uniformity, do not require further mention, except to 
draw attention to the thickness of the mesocarp in Entity 2 
(Figure 2C). 
In Entity 1, the radially elongate exocarp cells (seen in 
section in Figures lC & D) contrast with the oblong to 
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square exocarp cells of Entity 2 (Figures 2C & D) and B. 
nobilis (Figures 3C & D). 
In B. nobilis, after soaking, the outermost walls of the 
exocarp cells peel away as a continuous layer (see Figure 
3C). This peeling does not take place in either Entity 1 or 
Entity 2. Figures 4A and 4B show, respectively, the pericarp 
of B. nobilis with the outer layer of exocarp in position (A) 
and removed (B). When removed, the silica bodies within 
the exocarp cells are defined. Silica bodies of the same type 
(hat-shaped) are present (but mostly less well developed) in 
the exocarp cells of Entity 2. It is significant that silica 
bodies are present in B. nobilis and Entity 2, but have not 
been observed for Entity 1. [Note: Browning and Gordon-
Gray (1992) referred to the presence of silica bodies within 
the exocarp cells of B. maritimus (Ward 1707). This number 
is not B. maritimus, Cape entity 1, but eastern African entity 
2 - that is, Entity 2 as recognized in this paper.] 
The reflection of light from the surface of achenes of 
Entity 1 is also distinctive in comparison with the reflection 
from those of both other taxa. 
Conclusion 
Three entities may be recognized within Bolboschoenus in 
the FSA area based on the differences in achenes (shape, 
size, exocarp structure). One of these entities is B. nobilis; 
the other two have, up to now, been included with the 
species B. maritimus, without recognition in hierarchical 
classification. 
Embryo 
Materials and methods 
Achenes were soaked for 24 h in water with a little deter-
gent added. The peri carp was then broken with fine forceps 
and the embryo was removed. Lactophenol was used to 
clear the embryo (5 - 10 h). The embryos were mounted in 
Gurr's water-soluble mountant. 
Results 
All embryos examined were of the Bolboschoenus type. Size 
differences and variations in outline (shape) for Entity 1, 
Entity 2 and B. nobilis are summarized and illustrated in 
Table 2 and Figure 5, respectively. These variations are not 
statistically based because insufficient achenes were avail-
able. Entity 2 seems to mature few achenes, but this needs 
further confirmation from the study of several populations. 
Spikelets of B. nobilis break up at maturity of the achenes, 
which adds to the difficulty of collection. 
Discussion 
Ovary formation precedes ovule growth, so that in Cypera-
ceae, the embryo outline is determined in part, at least, by 
the shape of the fruit. The narrow elongate base of the fruit 
in Entity 1 probably accounts for the length and shape of the 
large coleoptile lip (Figure 5A) in Entity I, which is far 
more elongate and narrowed than is this structure in Entity 2 
and in B. nobilis. The cotyledonary surface that abuts on the 
endosperm is more markedly umbonate than in the other 
two entities where this surface is usually shallowly rounded 
to elliptical. There are differences also in the shape of the 
cotyledon observed from this upper cotyledonary surface 
(Figure 5 AI, BI, Cl). This accords with the shape of the 
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Figure 1 BolboschtJenus maritimus Entity 1, Lubke 93 (NU). A, achene; B, achene surface; C, transverse section of achene; D, peri-
carp in section. Scale bars: A, C: 500 j..lm; B, D: 50 j..lm. 
fruit wall, so that in Entity 2 and in B. nobilis, in both of 
which the achene is trigonous, the cotyledonary outline 
viewed superficially from above is triangular, whereas in 
Entity 1 it is more or less elliptical. 
Conclusion 
The differences recorded are suggestive of the need for 
further investigation, especially as the dimensions for Entity 
1 differ from those for Entity 2 by more than 10%. It may 
be that embryo size and shape, together with features of the 
pericarp, may contribute to improved taxonomic classifi-
cation within Bolboschoenus. 
Extraterritorial specimens 
In every case the extraterritorial specimens examined agreed 
with findings for plants from the FSA region. 
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Figure 2 Bolbosclwenus maritimus Entity 2, de Beer & Yalala 4 (NU). A, achene; B, achene surface; C, transverse section of achene; 
D, pericarp in section. Scale bars: A, C: 500 f.lm; B, D: 50 f.lm. 
Specimens from Europe that agreed in their morphology 
with the 'Plants from coastal situations ... with dark brown 
spikelets ... ovate in outline' (Browning & Gordon-Gray 
1992: 381), possessed the radially elongate exocarp cells 
described for Entity I, as well as a similar embryo form . 
Specimens from tropical East Africa that agreed with 
'Plants from north of 300 S ... predominantly characterised 
by light brown spikelets ... oblong in outline' (Browning & 
Gordon-Gray I.e.), agreed in all aspects of achene and 
embryo with Entity 2. 
Unfortunately, no extraterritorial specimens of B. nobilis 
and no material at all of B. grandispicus was available to us. 
General conclusions 
The information given in this paper is indicative that 
features of achene and embryo may afford criteria useful in 
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Figure 3 Bolbosclwenus nobilis, Giess 9564 (WIND). A, achene; B, achene surface; C, peeled layer of outer periclinal walls of 
exocarp cells; 0, pericarp in section. Scale bars: A: 500 f.lm; B, C, 0 : 50 f.lm . 
improving the classification of Bolboschoenus. Until there 
has been investigation worldwide, it is premature to modify 
the existing hierarchical classification of sub-Saharan 
African plants except to state that examination of achenes 
and embryos has confirmed the need for recognition of two 
entities within the variable B. maritimus sensu Browning & 
Gordon-Gray (1992) and has supported the distinction of 
B. nobilis from this species. The affinity of Entity 2 is with 
B. nobilis rather than B. maritimus Entity 1. 
Specimens examined (distribution: Figure 6) 
Entity 1 
FSA area 
-3228 (Butterworth): Transkei, Elliotdale distr., The Haven 
(-BB), J.L. Gordon-Gray 1050 (NU). 
-3318 (Cape Town): 10 ml. from Malmesbury on road to Cape 
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Table 1 Features of mature achenes of Bolboschoenus maritimus Entity 1, Entity 2 and B. nobilis 
Achene shape 
(Figures lA, 2A, 3A) 
Pericarp epidennal cells 
(surface view X 600; 
Figures IB, 2B, 3B, 4A) 
Exocarp 
(Figures Ie, 2D, 3D,4B) 
Achene length 
Achene width 
Response to 24 h soaking 
Reflection of light from 
achene surface (X20) 
Entity 1 
Obovate, tapering to a narrow base 
(maximum: base width 7 - 9 : 1) 
Isodiametric 5 - 6 - 7-sided; 
walls not raised, cell size medium 
I-layered; cells radially elongate 
(oblong), depth: width 4 : 1 
3.0 - 3.4 mm 
1.9 - 2.4 mm 
Outennost periC\inal exocarp walls 
not detachable; pericarp softened, 
became compressible 
High! y reflective, sparkling, 
light particulate 
Entity 2 
Obovate to obovate-elliptic, 
tapering to a medium base 
(maximum : base width 6 : 1) 
Longitudinally oblong, obscurely 
5 - 6 - 7-sided; walls raised, 
central zone depressed, cell size 
small 
I-layered; cells not radially elongate 
(transversely oblong), 
depth : width 1 : 3 
2.4 - 3.3 mm 
1.8 - 2.2 mm 
Outermost periC\inal exocarp walls 
not detachable; pericarp firm, 
incompressible 
Reflective, the light giving a 
somewhat shining polished effect, 
not particulate 
B. nobilis 
Ovate-elliptic to elliptic, 
tapering to a medium base 
(maximum: base width 3 - 5 : 1) 
Isodiametric to longitudinally 
oblong, 5 - 6 - 7-sided; walls 
raised, central zone depressed, ceIl 
size medium 
1 layered; cells not radially elongate 
(almost square), depth: width 2 : 3 
2.5 - 2.9 mm 
1.4 -1.6 mm 
Outermost peric\inal exocarp walls 
easily detachable as a sheet of tis-
sue; pericarp firm, incompressible 
Poorly reflective, slightly polished 
to dull, light not particulate 
Figure 4 Bolbosclwenus nobilis , Story 5873 (PRE). A, achene surface; B, pericarp after removal of outer pericIinal walls of exocarp 
cells (note silica bodies). Scale bars: A, B : 50 f.Lm . 
Town (-CD), Clarkson 380 (NU). 
- 3326 (Grahamstown): Bathurst Div ., Riet River mouth (-DB), 
Lubke 93 (NH, NU, RUH). 
-3418 (Simonstown): Muizenberg-Strandfontein Rd. (-AB), 
Forbes 609 (J, NU). 
-3420 (Bredasdorp): 'Riverside', near bridge (-CA), A.RH. 
Martin 30 (RUH). 
Extraterritorial (all NU) 
Finland: Regio abOensis (Ab), Vehmaa, Puosta (600 40/N, 21 0 
31/E), Kalevi Allw s.n. 
Finland: Regio abOensis (Ab). Askainen, Small bay with brackish 
water near Lempisaari estate in Lemsjoholmen; Sakari Hinneri & 
Unto Laine s .n . 
France: Herault (Province). Le Graue-du-Roi area; Etang du 
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Table 2 Size differences in embryos of Bolboschoenus 
maritimus Entity 1, Entity 2 and B. nobilis, based on 
measurement of samples from two different plants 
(measurements in millimetres) 
Length (extremes) 
Width (extremes) 
Entity 1 
0.88 - 1.0 
0.68 - 0.78 
B1 
Entity 2 
0.5 - 0.75 
0.55 - 0.8 
A1 
C1 
B. nobilis 
0.5 - 0.55 
0.52 - 0.63 
Figure 5 Embryos of Bolboschoenus maritimus Entity 1 (A, 
AI) and Entity 2 (C, C1), and B. nobilis (B, B1). A, AI, Lubke 
93 (NH); B, B1, Giess 14698 (WIND); C, C1, Faure H638 (PRE). 
(A - C, median longitudinal view; Al - C1, surface of cotyledon 
from above.) x: coleoptile lip. Scale bar: 100 j..lm. 
Repausset. C.J. Ward 8390. 
Germany: Granz on River Elbe. H. Fritze s.n. 
Entity 2 
FSA area 
-2025 (Mompswe): Botswana, Sowa Pan (-DA) , de Beer & 
falala 4 (NU). 
-2229 (Waterpoort): Transvaal, Dongola Reserve adjoining Lim-
popo R., Farm 617 (-BC), Codd & Dyer 3867 (NU, PRE, PU). 
-2732 (Ubombo): Nibela (-CD), C.J. Ward 1707 (NU, PRE). 
-2832 (Mtubatuba): Nibela flood plains (-AB), Faure H638 
(PRE). 
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Figure 6 Distribution of sampled plants. e, Bolboschoenus 
maritimus Entity 1; ., B. maritimus Entity 2;.&, B. nobilis. 
Extraterritorial (all NU) 
Tanzania: T3. Tanga-to-Same road, by stream c. 100 m beyond 
Mkomazi River, Wingfield 1425. 
Tanzania: North Rukwa, Kavuu R., Nziga, Siame 570. 
B. nobilis 
FSA area 
-1712 (Posto Velho): Kapupa Valley (-BC), Story 5873 (PRE). 
-1713 (Swartbooisdrif): Kaokoveld, 19 km W. of Epembe 
(-CB), Giess 10502 (PRE, WIND). 
-2114 (Uis): 1m Omaruru River, westlich Kleinsiedlung von 
Gruttemeyer (-DC), Giess 9564 (WIND). 
-2215 (Trekkopje): Farm Tsabichab Teil von Farm Nawachab 
(-BA), Giess 14698 (PRE, WIND). 
-2416 (Maltahohe): Naukloof Mts, Buellsport (-AB), Rodin 
2891 (BOL). 
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